hysical and mental activities can be triggers for acute myocardial infarction or myocardial ischemia, [1] [2] [3] and these exogenous factors are closely related to the daily distribution of the onset of acute cardiovascular diseases, 4 such as acute aortic dissection (AAD), which is a serious cardiovascular catastrophe. The circadian variation in the onset of AAD has a peak in the morning, 5 but the activities that trigger AAD and their relation to the time of onset have not been clarified, so the present study aimed to clarify those aspects of AAD.
Results
Of the 444 patients, 137 were excluded from the study because their activities during the onset of AAD were uncertain. Thus, the activity that triggered AAD was identified in 307 patients, whose clinical characteristics are shown in Table 1 .
Activities at the Onset of AAD
The types of physical or mental activity that occurred during or just before the onset of AAD are shown in Table 2 . In 226 patients (73.6%), AAD was associated with physical activities such as working (n=78), eating or drinking (n=33), defecation or urination (n=23), sports (n=19), housework (n=17), driving (n=16), walking (n=14), taking a bath (n=12), getting up from bed (n=10), dressing or undressing (n=2), and brushing teeth (n=2). In 40 patients (13%), AAD was associated with emotional stress or excitation while talking (personal or telephone) (n=18), watching television (n=9), playing a game (n=9), or attending a funeral (n=4). AAD occurred during sleep in 25 patients (8.2% ) and at rest in 16 patients (5.2%). (Fig 1) Although most of the episodes occurred during or just (Fig 1A) . However, the triggering activities did not differ between men and women (Fig 1B) , or between Stanford types A and B (Fig 1C) . Overall, most (83.1-92.4%) of the AAD episodes were associated with physical or mental activity and were not influenced by age, gender, or type.
Differences in the Triggering Activity Related to Age, Gender, and Stanford Type

Relationship Between the Triggering Activity and the Circadian Distribution of the Onset of AAD
Among the 307 patients, the time of onset of AAD could not be identified with certainty in 44 patients and so the relationship between the triggering activity and the distribution of onset was analyzed in 267 patients. Their clinical characteristics were similar to those patients involved in the activity analysis.
The distribution and the triggering activity of AAD are shown in Fig 2. The onset of AAD differed significantly from an even distribution (p=0.047), with a peak in the late morning (10.00 h to noon). AAD occurred predominantly during the day (63.3% of episodes occurred between 06.00 h and 18.00 h) and the daytime events were significantly more related to physical or mental activity than the nighttime events (95.3% vs 70.4%, p<0.0001). In contrast, the onset of AAD during sleep occurred mainly after midnight: 19 (82.6%) of the 23 episodes during sleep occurred between midnight and 06.00 h.
Age-related differences in the circadian distribution of onset and the activity being performed during onset are shown in Fig 3. There was no significant difference in the distribution of onset between the 2 age groups. However, in patients older than 61 years, the onset of AAD peaked in the morning (06.00 to 09.00 h) and the episodes were mainly triggered by physical activity (26 (83.9%) of the 31 episodes occurring between 06.00 h and 09.00 h). In patients aged less than 60 years, AAD occurred more frequently during the late evening (21.00 h to midnight) and were mainly related to physical activity (12 (80%) of the 15 episodes occurring between 21.00 h and midnight). In addition, episodes of AAD after midnight (midnight to 06.00 h) occurred more frequently during sleep in patients aged more 
Discussion
Main Findings
Most (86.6%) AAD episodes occurred in relation to physical (73.6%) or mental (13%) activity, although in the older study group AAD occurred significantly more frequently during sleep or at rest than in the younger group (16.9% vs 7.6%, p=0.020). The onset of AAD was predominantly during the day and the daytime events were significantly more related to physical or mental activity than the nighttime events (95.3% vs 70.4%, p<0.0001).
Activities That Trigger AAD
Activity triggers for several cardiovascular diseases have been reported; for example, physical activity, particularly heavy physical exertion in patients with a habitually sedentary lifestyle, can trigger acute myocardial infarction. 1,2 Krantz et al 3 showed that a morning increase in myocardial ischemia coincided with increased physical and mental activity, whereas an evening decrease in ischemia coincided with a decline in activity and those findings led them to conclude that exogenous factors are the most potent triggers of myocardial ischemia. The onset of subarachnoid or intracerebral hemorrhage is also reported to be related to daily activities. 6 With regard to the onset of AAD, Matsuo 7 reported that 148 (64.6%) of 229 episodes were triggered by mild effort or exercise, but he did not categorize the activities. We have shown that the onset of AAD was related to physical or mental activity in 226 (86.6%) of 307 cases, with an increase in blood pressure being the most important factor. Various physical and mental activities are known to increase blood pressure 8 and, in addition, Baba et al 9 reported an enhanced blood pressure response to casual daily stress in hypertensive men. We speculate that, as Fogelholm et al 10 suggested in their study of subarachnoid hemorrhage, the high transient blood pressure peaks associated with physical and mental activities are a trigger for an intimal tear or rupture of the vaso vasorum within the aortic media, which then develops into an aortic dissection. In addition, because dissection is a dynamic process, physical activity itself may contribute to the onset of AAD, so we believe that daily activities that create physical and/or mental stress may have an important influence on the onset of AAD.
Employment was the most common triggering activity for AAD in our present study and although we categorized 'working' as a physical activity, mental stress while at work is also reported to contribute to the elevation of blood pressure. 9 Therefore, both physical and mental activities may be important triggers for the onset of AAD, especially in hypertensive patients.
Age-Related Differences in the Triggering Activity
In this study, AAD was significantly more frequent during sleep or rest in the older population than in the younger population (16.9% vs 7.6%, p=0.020) and most (82.6%) of the nightime AAD episodes occurred between midnight and 06.00 h. Arteriosclerosis advances and blood Fig 2. Relationship between the triggering activity of acute aortic dissection and the circadian distribution of onset. There was a primary morning peak and secondary evening peak. Fig 3. Age-related differences in the distribution of the onset of acute aortic dissection (AAD) and the triggering activity. In patients aged ≥61 years (A), the onset of AAD peaked in the morning and was mainly triggered by physical activity. In patients aged ≤60 years (B), the onset of AAD was more frequent during the late evening and was also related to physical activity. In addition, the episodes of AAD that occurred after midnight were more frequent during sleep in patients aged less than 61 years than in patients over 60 years of age (57.7% vs 33.3%), although the difference was not significant (p=0.30).
pressure rises as people age; the day -night blood pressure changes decrease progressively with age. 11, 12 Schillaci et al 12 have shown a prevalence of more than 40% of nondippers in hypertensive men aged more than 60 years and in women aged more than 70 years and this may be one reason for the age-related difference in the onset of AAD among the present subjects.
Circadian Distribution and Triggering Activities of AAD
The circadian distribution of AAD differed significantly from an even distribution, with most episodes occurring during the daytime; that is, 63.3% of episodes occurred between 06.00 h and 18.00 h. In addition, the daytime events were significantly more related to physical or mental activity than the nighttime events (95.3% vs 70.4%, p<0.0001). As previously mentioned, increase in blood pressure is one of the most important factors for the triggering AAD and the circadian variation in blood pressure is well known. Blood pressure rapidly increases after 07.00 h and reaches a peak at mid-morning (around 10.00 h), after which it shows a trough between midnight and 06.00 h in both hypertensive and normotensive subjects. 13, 14 In Krantz's study, 3 elevation of physical and mental activity levels showed a pattern similar to the elevation of blood pressure. The circadian variation of blood pressure together with increased physical and mental activity may be a possible explanation for the daily pattern of onset of AAD.
We noted an age-related difference in the distribution of the onset of AAD. In patients aged more than 61 years, the onset of AAD occurred more frequently during the early morning (06.00 to 09.00 h), whereas in patients aged less than 60 years, the onset of AAD occurred more frequently during the late evening (21.00 h to midnight). In both age groups, AAD was mainly triggered by physical activity: 80% and 83.9%, respectively. Thus, this age-related difference may be related to a difference in lifestyle; in Japan at least, older people tend to wake up early in the morning whereas younger people tend to stay active until midnight.
Study Limitations
First, we only included those patients whose activities during or just before the onset of AAD could be identified and for whom the time of the onset was known (for daily distribution analysis). In addition, we collected our data retrospectively from hospital medical records. Therefore, there may be some selection bias, but the clinical characteristics of our study patients were similar to those of previous studies. 15, 16 Thus, we believe that we treated a generalized patient population in this study.
In our assessment of the influence of age, we used the age of 60 as the demarcation between younger and older patients this is the usual retirement age in Japan.
Although physical activities seem to be a major trigger for AAD, we did not assess the activity level of each patient. Mittleman et al 1 reported that heavy physical exertion is related to the onset of acute myocardial infarction, but it could be difficult to determine the level of physical activities at the onset of AAD because it is an emergency. A more detailed interview would be needed to obtain this information.
The time of onset was not adjusted for the time of awakening or for variable work schedules. The onset of cardiovascular diseases is more closely related to the activity cycle of the individuals than to the absolute time of day; for example, after adjusting the time of acute myocardial infarction or sudden cardiac death by the waking time, an increase in frequency occurs in the first 3 h after awakening and beginning daily activities. 2, 17 Despite these limitations, we believe that knowledge of the triggers of the onset of AAD is important for prevention and further studies on the triggering effects of daily activities are needed to confirm our results.
Conclusion
Most AAD episodes are related to physical or mental stress, particularly for those episodes that occurred during the day (95.3%), and these exogenous factors may contribute to the circadian distribution of the onset of AAD.
